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Scope  of  the  Thesis. 

It  is  the  purpose  of  the  writer  of  this  thesis  to  discuss  the 
theoretical  and  actual  cost  of  heating  a  number  of  frame  and  brick 
buildings . 

Methods  of  Heat  ing  and  Comparison  of  Cost . 

The  principal  methods  of  heating  are  heating  by  coal,  gas, 
and  electric ity.    Heating  by  gas  and  electricity  is  much  too  ex- 
pensive under  ordinary  conditions  to  be  of  genera],  use.     In  the 
regions  where  natural  gas  is  found  heating  by  gas  is  done  quite  ex- 
tensively and  at  little  cost.    Also  in  localities  where  there  is 
an  abundance  of  water  power  and  a  scarcity  of  coal, heating  is 
largely  done  by  electricity. 

Ordinary  illuminating  gas  costs  about  $1.00  per  1000  cu.  ft., 
and  the  iiumber  of  heat  units  given  off  by  this  gas  is  about  650 
B.T.U.  per  cu.  ft.     The  heat  given  off  by  one  pound  of  coal  is 
about  15,00C  B.T.U.  or  26,000,000  B.T.U.  per  ton.     Not  more  than 
75$  of  this  can  be  counted  on  for  use  in  heating.    Therefore  the 
cost  of  illuminating  gas  equivalent  in  heating  capacity  to  one  ton 
of  coal  would  be  |S0. 

Electricity  costs  about  10^  per  kilowatt  hour,  and  one  kilo- 
watt hour  is  equivalent  to  5,412  B.T.U.     The  heat  given  off  by  one 
ton  of  coal  (26,000,000  B.T.U.)  would  be  equivalent  to  "7,620  kilo- 
watt hours  in  heating  capacity.    The  cost  of  7 ,G20  kilowatt  hours 
is  $760.     Considering  5/4  of  the  heat  of  coal  as  available  for 
warming  the  cost  of  heating  by  electricity  equal  to  heating  by  one 


ton  of  coal  would  be  $57  0. 

From  these  figures  it  can  be  seen  that  heating  by  electricity 
or  gas  will  not  displace  heating  by  coal  in  genera],  use  for  many 
years.     Street  cars  now  are  almost  generally  heated  by  electricity 
but  this  is  done  because  of  convenience  not  from  economy.     In  some 
of  the  large  cities  during  cold  v/eather  the  amount  of  electricity 
used  in  heating  cars  is  double  that  used  in  running  them.  Gas 
is  used  considerably  in  cooking  for  convenience  rather  than  econ- 
omy . 

In  this  thesis  buildings  heated  by  coal  only  will  be  dis- 
cussed. 

The  following  is  a  list  of  the  buildings  mentioned. 
Residences 

1.  Professor  B.  W.  Breneman,  Urbana,  Illinois 

2.  Professor  A.  H.  Talbot,  Urbana,  Illinois 

3.  Dean  Eugene  Davenport,  Champaign,  Illinois 

4.  Mr.  J.  V/.  Busey,  Urbana,  Illinois 

5.  Mrs.  J. A.  Harper,  Urbana,  Illinois 

6.  Mr.  H .  S.  Hazen,  LaSalle,  Illinois 

7.  Mr.  M.  C.  Mclntire,  Parmer  City,  Illinois 
3.    Aztec  House,  Champaign,  Illinois 


Chizrches 

1.  Congregational  Church,  Champaign,  Illinois 

2.  Presbyterian  Church,  Champaign,  Illinois 
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Miscellaneous 

1.  Burnham  Athenaeum,  Champaign,  Illinois 

2.  Engineering  Hall  (  Derived 

)  from  data 

3.  Natural  History  Building    (  obtained 

)  from  Bell's 

4.  Machine  Shops  (  thesis 

5.  Insane  Asylum,  Buffalo,  New  York  (  Data  tak- 

)  en  from 

6.  Pierce  Building  (  results 

}  derived  by 

7.  Hampden  County  Jail  (  John  H.  Mills 

8.  Office  Buildings,  Charles  G.  Darrach 


RE SI HENCE S 

Residence  of  Professor  B.  V/.  Breneman,  Urbana,  Illinois. 

Designed  by  J.  M.  White  and  S.  J.  Temple,  Associated  Archi- 
tects.    This  house  is  a  frame  building  of  two  stories, 
shingled.    It  is  heated  by  a  2  pipe  hot  water  system  and  2 
fire-places.     The  total  glass  surface  amounted  to  666  sq.  ft., 
total  wall  surface  to  2,128  sq.  ft.  and  cubic  contents  to 
22,690  cu.  ft.     The  amount  of  coal  used  by  the  heater  was 
42,2C0#  or  186#  per  1,000  cu.  ft.     considering  the  heat  of 
coal  available  for  heating  as  8,000  B.T.U.,  the  theoretical 
amount  of  coal  necessary  to  properly  heat  the  house  would  be 
equal  to  the  total  B.T.U.  loss  divided  by  8,000  or  38,570# 
which  is  8.3$  less  than  the  actual  amount.     It  is  probable 
that  the  house  was  heated  somewhat  above  the  average  of  72° 
Ph.  causing  this  difference. 

In  a  test  run  from  February  6  to  February  17  during  the 


coldest  part  of  the  year  3,515/  of  coal  were  burned.  The 
average  outside  temperature  was  12.7°  Ph.    The  actual  amount 
of  coal  necessary  to  heat  the  house  was  3,515#.  The 
theoretical  amount  required  was  4,580#,  or  Z&f>  nore  than  the 
actual  amount  used. 

The  heating  system  was  entirely  adequate  excepting  for 
a  single  day  when  the  thermometer  stood  at  -3.6.5°  Ph.,  at 
which  tine  the  temperature  of  the  house  dropped  to  about 
60°  Ph. 

Total  Glass  Area  o  GGG  sq.  ft. 
Total  Wall  Area  w  2,128  sq.  ft. 
Total  Volume  v  22,690  cu.  ft. 
n=  number  of  changes  of  air 

h  ==  the  B.T.U.  loss  from  radiation  and  ventilation  per 
hour  per  degree  difference  in  tenjjerature  of  air  in  building 
and  external  air.     Sarpenter's  formula    h  -  g  +  1/4Y/  +  N  .02V 

h  =  GGG -t-l/4  X  2,128-1-. 02  X  2  X  21,128  =  2,045  B.T.U. 

2.045  x  (  72  -  3G.6)  x  183  X  24  _  38,570#  coal  required 
8,000  theoretically 

Coal  used  by  boiler  42,20C# 

Coal  used  per  1,000  cu.  ft.  18G# 

Experiment  beginning  8:00  P.M.,  February  G,  1905,  ending 
8:00  P.M.,  February  17 ,  19 05 . 
Coa]  burned  3,515  # 
Average  inside  temperature  G8° 


Average  outside  temperature  12.7° 

3,045  x  (08  -  I,?  7)  x  13  x  ?A  =  4>449#  required  theoretl- 
8'000  oally 

Amount  actually  used  3,513# 
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Residence  of  Professor  A.  N.  Talbot,  Urbana,  Illinois 

Professor  Talbot's  house  is  a  frame  building  heated  by  a  2 
pipe  system  of  hot  water. 

The  total  glass  area  is  G28  sq.  ft. 

The  total  wall  area  is  2,442  sq.  ft. 

The  total  cu.  contents  is  21,018  cu.  ft. 
For  seven  years  the  annua],  consumption  of  coal  has  been  22 
tons,  or  209#  per  1,000  cu.  ft.,  while  the  theoretical  amount 
required  has  varied  10$  above  and  below  the  actual  amount  and 
frequently  has  approached  within  a  few  pounds. 

Data: 

h  =  628  +  6.11  .-v 841  =  2,080  B.T.U. 

(  1904-05)  2.080  x  18?  X  24  x  (  70  -  36. G)  =  58,150# 

8,000 

Amount  of  coal  theoretically  required 
Amount  of  coal  actually  required  44,000# 
t  is  the  external  temperature 


97-  08  Theoretical  amount  required  (t  35.1?)  39,8G0# 

Actual  "  "  44,000# 

98-  99  Theoretical  "  "  (t  51.9°)  44,530# 

Actual  "  "  44,000# 

99-  00  Theoretical  ■  ■  (tS2°)  43,375# 

Actual  "  ■  48,000# 

oo-oi  Theoretical  "  "  (t  34.9°)  41,110# 

Actual  "  "  44,000# 


01-  02  Theoretical  amount  required  (t  32.2°)  45,140# 

Actual  "  "  44,000# 

02-  03  Theoretical  "  "  (t  41.8°)  31,910# 

Actual  •  "  44,000# 

03-  04  Theoretical  "  "  (t  33.2°)  42,030# 

Actual  "  «  44,000# 

04-  05  Theoretical  "  "  (t  36.6°)  S8,150# 

Actual  »  "  44,00  0# 
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Residence  of  Dean  Eugene  Davenport,  Champaign,  Illinois. 
Designed  by  F.  M.  White. 

This  residence  is  built  of  brick,  furred,  for  the  first 
story  and  is  frame,  shingled,  for  the  second.     The  total 
glass  area  amounts  to  796  sq.  ft.,  the  wall  area  to  3,718  sq. 
ft.,  and  the  cubic  contents  to  33,740  cu.  ft. 

The  coal  actually  used  in  the  heater  was  59,000#;  the 

amount  required  theoretically  56,414—,  or  4.4$  less  than  the 

actual  amount. 

h  =796 -t- 5718  +  .02  X  2  X  33,740—5,076  B.T.U. 
4 

Coal  required  theoretically 

3.076  X  (  70  -  36.6)  X  183  X  34  _  .sfi  41 4?g 
8,000 

Amount  actually  used  by  boiler  59,000# 
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Residence  of  Mr.  J.  Y,r.  Busey,  Urbana,  Illinois 

Busey's  residence  is  a  two-storied  frame  building  heat- 
ed by  furnace. 

The  total  glass  area  is  667  sci.  ft. 

The  tota]  wall  area  is  3,469  sq.  ft. 

The  total  cubic  contents  is  24,301  cu.  ft. 
The  actual  amount  of  coal  burned  was  40,000#,  the  theoreti- 
cal amount  required  44,520#,  or  11. more  than  the  actual 
amount  used.     The  amount  of  coal  consumed  per  1,000  cu.  ft. 
was  183#. 

The  low  amount  of  coal  used  was  probably  due  to  the 

thorough  construction  of  the  house  which  was  built  in  a  very 

careful  manner. 

h=  667  +  5.470       .OS  x  2  x  24 ,  301  =  2,507  B.T.U. 
4 

2.507  x  (  70  -  36.6  )  x  24  x  183  =44.520#  Theo.  am't  req. 
~  8,00  0 

40,00C#  Act.  » 
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Residence  of  Mrs.  J.  A.    Harper,  tiro  ana,  Illinois. 

This  building  is  a  frame  structure  of  two  stories,  heat- 
ed by  furnace. 

The  total  glass  area  is  320  sq.  ft. 

The  total  wain  area  is  2,185  sq.  ft. 

The  cubic  contents  is  14,000  cu.  ft. 

The  actual  amount  of  coal  used  in  heating  the  house  was 

34,00  0#  and  the  theoretical  amount  required    2G,740#  or  2.13^ 

less  than  the  actual  amount  used.     This  building  is  of  rather 

poor  construction  and  does  not  heat  well  under  a  strong  wind. 

This  required  the  burning  of  more  coal  than  the  building 

should  have  required. 

h  =330  +  2,185  +  .04  X  14,800  =1,458  B.T.U. 
4 

1.458  x  (  70  -  36.6)  x  185  x  24  ^ 26 , 740#  Amount  of  coal 
8,000  required  theo. 

Coal  actually  used  by  furnace  34,000# 
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Residence  of  Mr.  H.  S .  Hazen,  LaSalle,  Illinois. 

This  residence  is  a  frame  building  heated  by  a  single 
pipe  system  of  hot  water. 

The  total  glass  area  is  342  sq.  ft. 

The  total  wall  area  is  2,594  sq.  ft. 

The  cubic  contents  is  54,560  cu.  ft. 
The  total  coal  used  amounted  to  70,000#  fron  January  1,  1904 
to  May,  1905,  or  300  days  of  use. 

The  theoretical  anount  required  was  7G,885:r,  or  9.8$ 
more  than  was  actually  used. 

The  average  outside  temperature  was  34°.    The  heating 
plant  worked,  in  a  very  satisfactory  manner  except  for  one 
day  when  the  temperature  averaged  16°  below  zero,  with  25° 
below  as  a  minimum. 

This  residence  is  new  and  put  up  in  the  best  manner 
which  is  the  probable  reason  for  the  low  amount  of  coal  used. 

h=  342  +649  +  1,382  =  2,373  B.T.U. 

2.373  x  300  x  24  x  (  70  -  34)  _76,885#  Theo .  am't  required 
8,000 

7  0,000#  Actual     »  " 
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Residence  of  Mr.  M .  C.  Mclntirc,  Farrier  City,  Illinois 

This  house  is  a  frame  building  heated  by  furnace. 

The  total  glass  area  is  355  sq.  ft. 

The  total  wall  area  is  1,910  sq.  ft. 

The  cubic  contents  is  16,244  cu.  ft. 
The  actual  amount  of  coal  required  this  year  was  26,000#, 
the  theoretical  amount  27 ,200#  or  4.6$  more  than  the  actual. 

h=i  355+478  +  650  =  1,433 

Theoretical  amount  of  coal  required  27 ,200# 
Actual  amount  used  26,000# 
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Aztec  House. 

The  A.r:  tec  House  is  a  frame  building  of  two  stories. 
The  heating  system  is  a  one  pipe  steam  system  and.  is  supplied 
by  a  large  boiler  more  than  ample  for  ordinary  requirements. 

The  total  glass  area  is  745  sq.  ft. 

The  total  wall  surface  is  4,052  sq.  ft. 

The  total  cubic  contents  is  37,735  cu.  ft. 
The  actual  amount  of  coal  used  was  87,000#;  the  theoretical 
amount  required  was  65,630-/-  or  25.7$  less  than  the  actual 
amount  used.     The  cause  of  this  increase  in  actual,  amount 
used  is  undoubtedly  the  cheap  construction  of  the  house,  the 
windows  are  poorly  fitting  and  in  the  old  part  of  the  house 
building  paper  is  lacking. 

h  =  745  -hi,  012  +1,444  =-3, 202  B.T.U. 

5.202  x  (  74  -  36.6  )  x  183  x  24  _65,630#  Am' t  theo .  req. 
P=  ,000 

Amount  actually  used  in  heater  R7,000# 
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Burnhara  Athenaeum. 

J.  A.  Sehweinfurth,  Architect. 

The  Burnhan  Athenaeum  is  a  two  storied  brick  building 
alnost  entirely  heated,  by  indirect  radiation. 
The  total  glass  area  is  1,623  sq.  ft. 
The  total  wall  area  is  8,870  sq.  ft. 
The  total  cubic  contents  is  121,050  cu.  ft. 

190?  Total  Coal  Used  10o, 500#  Anthricite 

»        «      per  1,000  cu.  ft.  80,50b# 

This  building  was  heated  by  indirect  and  direct  heating. 
The  amount  of  indirect  heating  could  not  be  determined  and, 
therefore,  the  theoretical  amount  of  coal  required  cannot  be 
calculated . 


1  K 


CHURCHES 

Congregational  church,  Champaign,  Illinois. 

The  Congregational  Church  is  an  old  brick  building 
heated  by  four  furnaces  placed  in  the  Sunday  school  roon  in 
the  basement. 

Cubic  contents  of  main  room     98,040  cu.  ft. 

External  wall  surface  4,580  sq.  ft. 

Partially  heated  wall  surface    2,000  sq.  ft. 

Glass  area  737  sq.  ft. 

Cubic  contents  of  Sunday  school  room       32,940  cu.  ft. 

External  wall  surface  1,810  sq.  ft. 

Partially  heated  wall  surface  750  sq.  ft. 

Glass  area  284  sq.  ft. 


Coal  Used 

Hate  Total  Amount  Amount  per  1,000  cu.  ft. 


1897 

39,300# 

314# 

1898 

33  ,3  00# 

266# 

1899 

29,500# 

23G# 

1900 

28,500# 

220# 

1901 

42,800# 

344# 

19  02 

40,900# 

327# 

1903 

3G, 00  0# 

288# 

1904 

41,500# 

332# 
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The  heating  system  is  unsatisfactory  as  the  basement  is 
always  overheated  in  order  to  heat  the  room  abovejthe  tempera- 
lure  rising  to  85°  in  cold  weather  and  sometimes  over  100° 
Pah.     No  definite  results  can  be  obtained  in  regard  to 
churches  since  the  number  of  special  services  varies  each 
year. 


Presbyterian  Church,  champaign,  Illinois. 

This  church  is  a  brick  building  heated  by  furaaee  in 
fairly  satisfactory  manner. 

The  total  glass  area. is  1,857  sq.  ft. 
The  tota]  wall  area  is  11,242  sq..  ft. 
The  cubic  contents  is  161,460  cu.  ft. 


Bate 
1901 
1902 
1905 
1904 
1905 


Coal  Used 
Total  Amount 
60,000# 
56 ,00  0# 
86,610# 
50,900# 
60,720# 


Amount  per  cu.  ft 
346.  8# 
226. 7# 

S  14# 
571. 6# 
5  76# 
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MISCELLANEOUS 

Engineering  Hall,  University  of  Illinois. 

The  engineering  building  is  a  large  brick  building  heat- 
ed by  direct  and  indirect  steam  radiation.     There  are  three 
stories  and  a  basement,  all  heated.    The  following  data  was 
obtained  by  Mr.  E.  D.  Bell  in  his  thesis 

The  total  sci.  ft.  of  glass  surface  7,287 
The  total  sq.  ft.  of  wall  surface  53,558 
The  total,  cubic  contents  746,709  cu.  ft. 

Length  of  test  45  hrs. 

Average  outside  temperature  39.9°  Pah. 
Average  inside  temperature    74°  Fah. 

Total  pounds  steam  condensed  130,948 

Average  temperature  of  water  of  condensation  209° 
Average  pressure  of  steam  in  pipes  G.3# 

Taking  the  following  values 

Latent  heat  at  6.3#  pressure  950  B.T.U. 
Heat  given  off  by  one  pound  of  steam  condensed  and  re- 
duced to  a  temperature  of  209° 
950-1-  3=  353  B.T.U. 

Total  heat  used  in  building  130,948  x  953  124,793,444 

B.T.U. 

124.793  .444  -  15,600  #  coal  required 
8 ,  000 


Amount  of  coal  required  to  theoretically  heat  the  build- 
ing 45  hrs.,  taking  4  changes  of  air  per  hour  for 
vent  ilation 

(  7.B87  +  p,590  +  59,736  )  X  45  X  54.1  -  14  , 4  7  0# 

8,000 
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Natural  History  Bui] dine,  University  of  Illinois. 

The  natural  history  building  is  a  three  storied  brick 
building  heated  by  direct  and  indirect  steam  radiation.  The 
following  data  is  taken  from  a  test  run  by  Mr.  E .  D.  Bell. 

The  total  glass  area  is  4,958  sq.  ft. 

The  total  Wall  area  is  93,442  sq.  ft. 

The  total  cubic  contents  is  613,074  cu.  ft. 

Length  of  test  43  hours. 

Average  outside  temperature  28.2°  Fan. 
Average  inside  temperature  70.5°  Pah. 

Total  pounds  steam  condensed  59,177 

Average  temperature  water  of  condensation  193° 

Average  pressure  of  steam  in  pipes  2.]# 

Latent  heat  at  2.1#  pressure  9G0  3.T.U. 
Water  reduced  to  193°  9  B.T.U. 

Total  9G9  B.T.U. 

Total  heat  used  in  building  59,177  x  969  57,933,513 

Coal  required  57,933,513     8,000  7,242#. 

Theoretical  amount  of  coal  required  considering  three 

changes  of  air  for  ventilation. 

(  4.958  +  5.861  j- 36,  784  )  x  42.3  X  43  =10,85 2# 

~  8 , 000 
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Machine  Shops,  University  of  Illinois. 

The  machine  shops  are  situated  in  a  single  story  brick 
building  heated  by  steam.    The  following  data  was  obtained 
by  Mr.  E.  D.  Bell. 

The  total  glass  area  is  2,495 . sq. .ft. 

The  total  wall  area  is  22,365  sq.  ft. 

The  total  cubic  contents  is  219,200  cu.  ft. 

Length  of  test  18  hrs. 

Average  outside  temperature  44.7°  Pah. 

Average  inside  temperature  75.5°  Fah. 

Average  temperature  of  water  of  condensation  14.4° 

Average  pressure  of  steam  in  pipes  4.3# 
Total  lbs.  of  steam  condensed  12,139# 

Latent  heat  at  4.3#  .  959  B.T.U. 

Heat  from  water  of  condensation    70.6  B.T.U. 
Total  1,029,6  B.T.U. 

Heat  used  by  building  12,139  x  1,030     12,504,200  B.T.U. 

Coal  required  12, 504, 200 8,000  =  1,565# 

Theoretical  amount  of  coal  required  three  changes  of  air 

per  hour  for  ventilation 

(  2.495-1-  5591  +36.789  )  X  30.8  X  18  -1.472# 

8,000 
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Insane  Asylum,  Buffalo,  Hew  York. 

The  following  data  v/as  taken  from  an  experiment  con- 
fine ted  by  Mr.  John  H .  Mills  upon  the  buildings  of  the  insane 
asylum  at  Buffalo,  New  York,  in  188V. 
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Cost  of  heating  of  office  buildings  from  an  article  by 
Charles  G.  Darrach;  Mechanical  Installation  in  the  Modern 
Office  Building. 


Cubic  Contents 

Glass  surface 

Wall  surface 

Roof  surface 

Coal  per  day 

Coal  per  day  1,000  cu.ft 

Time  of  test 

Average  temp.  60  days 

Minimum  temp. 

Max.  winds 


1,500,000  cu.ft. 
12,00  0  sq.ft. 
53,000  sq.ft. 

8,000  sq.ft. 

2.74  tons 

4.72  lbs. 

6  0  days 

3  0°  Fahr. 
8°  Fahr. 

42  mi.  per  nr. 


B 

1,515,000  cu.ft. 
28,500  sq.ft. 
41,000  sq.ft. 
8,700  sq.ft. 
6  tons 
8.87  lbs. 
60  days 
30°  Fahr. 

8°  Fahr. 
42  mi  .per  nr. 


A        Windows  weather  stripped.     Considering  B.T.U.  loss  from 
weather  stripped  windows  as  l/2  that  of  ordinary  windows, 
and  change  of  air  due  to  ventilation  as  1  l/2,  the  coal  re- 
quired per  day  would  be. 

(  6,000  j-  13, 250 i-  39.000)  x  24  x  40-3.49  tons  or 
8,000  X  2,000 

5.37-/'  per  cu.  ft. 


B        Windows  not  weather  stripped.     Coal  required  per  day. 

(  28  ,50  0  -t-10,  250  +  60  L6 00)  X  24  X  40  _  5  . 6 6  t oils  or 
8,000  X  2*,  000 

8.71.4  per  1,000  cu.  ft.  weight  of  coal  theoretically  required. 
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Pierce.  Building,  December, 
Test  and  Computations 
Heat  and  fuel  by 


1888. 

by  John  H .  Mills, 
calculation  and  by  weight. 


Steam  System  Units  per  nr. 

Glass  1,657  sq.  ft.  at  80  units  per  ft.  17)3,560 

Outside  wall  2,908  sq.  ft.  at  8  units  per  ft.  27,264 

Air  space  104,000  cu.  ft.  at  8  units  per  ft. 

(ventilation)  8? . 200 

240,024 

Corresponding  amount  of  heat  supplied  by  radiators  per  hr. 
1,0  00  sq.  ft.  of  surface,  at  mean  temperature  of  228;  average 
duty  (day  and  night)  240  units  per  sq.  ft. 

240,000 

Coal  Required  for  Steam  Radiators 

^or  heating  first  floor  (as  above)  the  heat  available  in 

radiators  being  taKen  at  7,000  units  per  pound  of  ooal 

(gross)  consumed  Pounds  per  day 

(  24  hrs. ) 

240,000  x  24     7,000  324 

Dynamo  42  horse  power,  0  hrs.  42  x  4.5  x  3  1,134 

Two  elevators,  3  horse  power  3x4  1/2  x  15 

( in  use  15  hrs. )  540 

Heating  ball  room  and  hot. water  for  sinks  204 

Total  as  above  for  24  hrs.  2,702 

Amount  o  €  Kard  coal  burned  under  the  steam  Boiler 

Average  p^r  day  for  the  month  of  December  2,701-^ 


v/ater  System 

For  Heat  for  .50  rooms  and  office©  under  Water  Circulation 

195,000  cu.  ft. 
Glass  1,772  x  30  141,760 
Wall  (outside)  9,1G8  x  3  73,344 
Air  space  195,309  x  .3  156,107 
Halls  a:  id  uno  c  cup  i  e  d  r  o  on  s  ma  in  tained  at  50  °_14  0 ,  083 

511,350 

Heat  Supplied  "by  the  Radiators  per  nr.  average  for  34  hrs. 
Temp,  of  the  water  average  160°,  3,409  sq.  ft.  at 
150  units. 

Coal  Required  for  Supplying  Heat 
For  heatinj  rooms  and  offices  in  use,   the  heat  avail- 
able in  the  radiators  being  taken  as  3,000  units 
per  pound  of  coal  consumed    371,307  x  34  3,000 

1,114  per  day 
For  maintaining  the  temp,  of  halls  and  unoccupied 

rooms  179,319  cu.    ft.    at  50°  140,033  X  34  8,000 

430 


1,  534 

Coal  Actually  Consumed 

Amount  of  soft  coal  burned  under  water  heating- 
boiler  34  hrs.  1,030 

Heat  absorbed  from  the  exhaust  steam  by  the  water 
circulating  through  the  converter  ( dynamo , 
16  6#  pump  330#)  405 


1.  535 


* 
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Fuel  for  April,  1339 
Screenings,  hard,  coal  at  2  per  ton,  3,076#=  #3.07 
Soft  coal  at  #6.50  per  ion  8,225#  =  #17 
The  above  was  used  for  heating  only    Total  9,30Q# 
A  lount  of  heating  during  the  nonth  of  December  27,997-'z  or  a 
consumption  of  about  l/s  as  much  coal  under  the  water 
boiler  during  the  month  of  April  or  during:  December. 

Data  for  December,  1888 
Water,  cost  1,000  cu.  ft.,  24  hrs.  1.9el 
Steam       "  "      "      "        »     "  2.57c7 

Conditions  of  Warming  and  Ventilating  Hampden  County  Jail 
Springfield,  Massachusetts,  1887 


Water  System 

Wall  exposure  in  sq.  ft.  18,013 

Glass         "           "     "  '»  8,978 

Air  space  in  cu.  ft.  548, 7? 5 

Steam  System 

Wall  exposure  in  sq.  ft.  5,651 

Glass         w           »     "  "  2,050 

Air  space  in  cu.  ft.  200,00  0 


Average  amount  coal  used  by  water  heater  5,094 
»  ■         11        »      "    steam      ■  2,747 

Cost  of  Warming  1,000  cu.  ft.  space  24  hrs 
Steam  5.7c7 
Water        2.4  c7  or  Z4ff>  less. 
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